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which makes inappreciable any errors arising from change 
in the freezing point. with the aging of the . This 

care must be exercise in their manufacture if they are to 
be a t  all a.ccurnt,e. Thus alcohol thermometers arc! 
liable to read too low because of age. especial1 if exposed 

the alcohol or t.he contained compoiinfs. 
The reason for the great.er numbez of mercury t,hermom- 

et.ers reading too hi h is doubtless the contraction of 

the glass in most chen thermometers,. the aging of 

freezing ninrk, ossuniin that, the thcrmometer is rigidly 
nt,t,ached t.o the scale. f f  the scale slips, nnot,her irregular 
error will, of course, be introduced. It. has bccn found 
that A, thermometer graduat,ed the dny it, is filled will 
read 1.5' higher a week later; if not graduat.ed for one 
and a hnlf years after filling, it  will still read 0.5' too high 
in 6 years. Subject,ing n thermometer bo n low tempeza- 
tug ,  ns - 40' F., also appear s slightly to raise the freezing 
point. 

Other errors in therrnoniet.ers result from faulty ex- 
posure and ven t.ilnt.ion. A thermometer hung against 
the wall of a house, for inst.ance, does not show the exact 
a.ir tempemture in cold wetrt.her, being influenced by 
conduction and radiation from the heat.ed house. It is 
therefore bet,ter t.0 hang a thermometcr on a porch post, 
or support it  at  a distance from a window, than to fasten 
it directly to the wall. 

During clear night.s, especially during the winter in t,he 
middle and higher lat.it.udes, it is observed that in calm 

to ether wit.h its low freezin point ma-es Pass nlcohol % va f uable for low-tem ernt.nre t ermometers, but great 

to direct sunlight:, which causes a. chan e in t K e nature of 

the glass with age. 5 hile t,he scale is not marked on 

the glass operat.es in t r le same mannez in lift,lng t.he 

R 

wecit,her t,he valleys are colder than the surrounding hills 
up to a certain altitude. The cause of this phenomenon 
is the nocturnal radintion from the surface of the earth 
into spa.ce. A deep snow cover intensifies the effect. 
The resulting cooling of the ground cools the adjacent 
layer of air, a.nd since cold air is heavier than warm, the 
coldest layers lie nearest, the ground in calm weateher. 
Where the surface is not, level, it follows t11a.t these cold 
layers of air flow down into the hollows, thus mnking 
t.hem colder on st,ill wint.er nights t,hnn the inclosing up- 
lands. 

CONCLUSIONS. 

(1) The average out.door household thermometer is 
about 3' (F.) in error at  low temperatures. 

(2) Most, thermometers read too high. Alcohol ther- 
momet.ers lead too low. 

(3) The amount of en01 increases with extremes of 
t.eni eraturc. 

(47 The nrintions in the report,s of low t,enipercitures 
in n mountain comniunity are due to- 

(a)  Faulty const.ruct,ion, calibration, m d  esposure of 
the t.hernioineter, and it.s age. 

( b )  Topographical fa.ctors affecting t.he location of the 
t herinomet,er. 

( 'oiidmacd [able oj 111 twn cleviatioi~s f rom tht atuitrlnrd thennometer. 

TEMPERATURE AND RELATIVE HUMIDITY IN COLL, STORAGE PLANTS FOR EGGS AND CANDY. 

By OWEN T. LAY, Observer. 
[IJ. 8. Weather Bureau, Chicagq Ill. Jan. 8, 1921.1 
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An account olthewritefsexperien~e inaii investieation of aqueous vaporln its rdation 

1. The temperatiire should be kept low for eggs and moderate lor mast kinds of candy. 
2. The motive humidity should be cornyarathe:y high lor eggs and low lor randy. 
3. The s.ing psychrqmeter aas found to he the most prscticabre method of Audinp tile 

1. The demanifor such wor1 has steadily inrreasd IU ChiraFo. 
5. The proliahllity that there IS a latent Eeld lor such spemahzed work in other com- 

to certain cold storage problems. l;o lo\\ IIIL. are some of the points disrussed: 

relative humidit in dilferent arts 01 the.stqragr rev. 

mercial ceuters. 

Early in 191s the writer was re uested by the manager 

in Chicago to assist in an investigat.ioii of ctqueoiis vtl or in 

the storage of eggs. 
frcsh successfully i t  is of 

(in those that are fertile) 1s kept clormnnt, t.his generally 
being accomplished by rovirling a unilorm tempera- 

but varies somewliat with the time of year when laid; atid 
a t  the same t h e ,  bceping the air in the storage room 
purc, with just the riglit ztmount of wcll diffused water 
vapor. If the relative humidity is too low the interior 
moisture of the egg will escapc, resulting in n loss in 
weight and a product that. must br placed 011 the market 
at. R loss as ' 'shrunken;" while, 011 the other hand, if N, high 
relative humidity obtains for any considerable period 
mold will form on the c.ases, fillers, aiid eggs and affect 
the flavor seriously. 

Throughout the first season, closiiig in J ~ I I u ~ ~ Y ,  1919, 
humidity inspections were made biweekly in eight rooms, 

of one of the largest and most. moc 9 ern cold storage plants 

its relation to certain cold storagc problems, especia P ly in 

course necessaryfor them to r ,eso handled that thelife germ 

ture slightly above their P reezii?g point, which is near 25' 

In  order to preserve eg 

containing approximately 20,000 cases each, it being 
found that in these heavily iiisulat.rcl rooms which were 
lie t stdcd almost constmt.ly, the tenipcrature could be 
he f d within 0.5' of the desired degree and the relative 
humidity held quite constant, although tellcling to in- 
crc'use grucluully as the season advniiced. To combat 
t.his increase varying cliiantit.ies of unslakrd lime were 
in twduccd and at  t.imes cdcium chloride hoses were used 
in conjunction with elcctric funs. However, it  was 
lenriied that the arbihmy staritlard of iil)ont 58 per cent 
for the relatiye humidity was too high, t.his percentage 
having been t.hought about rivht by many experienced 
cold storage men; hence, reacfjustment to a lower er- 
centnge was found advisable for the sccoatl season, wfich 
estcndecl froni May, 191!3, to January, 1930. 

nuring the second sesson 14 rooms in the same plant, 
containing about 250,000 cases, were inspected weekly. 
Through st.udy of the dat.a r thcred (luring t.he preceding 

during the third season, closing with J t i n u q - ,  1021, the 
work was espanded to iiiclude four storage houses, with 
nbout 600,000 cases of cggs and 10,000,000 pounds of 
ca.ndy. Thc can:ly included chocoltitc c.reanis, chocolate 
aut btvs, cnramt~ls;, hard ctu?dies,.etc., two ozone machines 
being used occasionally in lieeplilg t.lio air clean. Most 
kinds of candy keep best in *I dry rooin, with moderate 
tern erature. 

d a n l i s  to the zealous care of those in charge of the 
mechanical side of the cold storage houses, the practical 

srnson, niuch more desirah Pa e result,s were secured; while, 
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experience of the superintendents and some of t.he tern- 
perature control men, w-ho now have a basis of carefully 
compiled data for their own building, reports indicate 
that the season now closing has been remarkably suc- 
cessful, compliments from customers being generd at the 
time of removal of oods, with no complaints yet made, 

month and some of the candy for about one year. 
It has been found that sling psychrometer readings tire 

the most practical met.hod of hiding t-he relative humidity 
in different portions of the rooms, a specid cold storage 
instrument graduated to tenths of degrees being very con- 
venient, as well as exact, if carefully used. However, this 
inst,rument is intended onlFfor readings of 40’ or lower tind 
can not heused in some candy storage rooms. Graphs are 
prepared for eilch room to show tlie progressise t.rerid of 
tempera.ture ani1 humidity, tsnipernture rc.adings being 
taken evcry four to sis hours. At the time the product, 
goes out, o! storage the factors iaHueiicing its condit.ion 
me lotted for comparison with t.he ideal sought. 

TRe investigation has incIiidec1 t)rick, concrete, ant1 
wooden hnildings, with different methods of refriwratioti 
and vtirious kinds of insulation. ~s a. result of Sie fttcts 
learned, tho firm for which this line of work was frst nn- 
dert,aken is now reco11st.r~~ t,ing $1 large x-arehouse so :.litit 
t.he factors of temperature, humidity ,nnd riir circulntion 
may be absolutely coiitxolled niechnnically, thns enahliug 
them to handle such products rLs egg!! and candy uudrr 
exa.ct.ly the conditions desired a t all t,inies. 

Some of the reasons which infliisnce prttcticd tmsiiicss 
men to ilemttrid such a special service from an outsider 
are: (1) That the nian so employer1 may combine his 
training with an eyer broadening ex ericnce with tlif- 
ferent firms n n d  i i i  vsriour kiritis of p f ants so as to act 
a9 an adviser in new rohleriis wvhich wise from time to 
time; (2) that he will P )e in n position to give wrLrning of 
any departures from 1% st.anc!nrd margin of safety tint1 sug- 
gest means for t.heir immcdin.t.e correctiou; (3,: that he 
may serve as an unbiased check 11 on regular employees 
w-ho mi ht, be inclined to relax rigi P mice at  times; (41 the 
fact of Fin t eir having an outsider on t.he alert for ally pos- 
sible improrements in handling goods has a real value in 
securing business in c0mpet.i tion with othcr firms which 
ma be drift,ing along by rule of thumb. 9n view of tho increasing loca1 interest in temperature 
and humidity control in t.he storwe of food3 and in m:iny 
roblems of manufacture, it  wouh seem that there is a 

%tent field for specialized work inaach of the large com- 
mercial centers of tho eoiint.ry. 

although some of t a e eggs hnrc been held eight or morc 

THE DISTRIBUTION OF CLIMATOLOGICAL STATIONS. 
By CLARENCE J. ROOT, Meteorologist.. 

[Weather Bureau, Springfield, Ill., 19!20.1 

In an article appearin* in the February, 1920, number 
of the “B,ulletin of the American Meteorological Society,” 
Prof. J. Warren Smith is quoted as saying: 

An erpree~ion of opinion should be obtrinel also in mnnect.ion with 
temperatwe records. Do we hsve enough of these? Do we hwe too 
many at present, and should p v t  of the money now expended in that 
connection he put into more rainfall records? 

The statements that follow are writ.teu for the purpose 
of bringinu out a discussion of the subject, mid the 
opinions 07 men who have had espcrience in climato- 
lo ical work would be valuable and interesting. 

Sn  an area with varier1 topoarnpliical conditions, a 
lmge number of tem erature alia all-year precipitation 
stations are no (IOU t t needed, but Illinois, with the 
esception of it.8 two hilly areas, is an nlmost level prairie. 
The influence of Lake Michigan is felt. in the estreme 
iiorthenst portion of the Stmate. Does Illinois need 61 
ful! all-jea.r weather stat.ions, with G regular stations 
011 its inmiediate borders but in other States? 

Illinois is tlie second agricultural State in the Union, 
and t.he needs of agriculture should be given prime con- 
sideration. Escept in the hill areas and near Lake 
Michigan! the temper:ttrire difforenccs are principally 
those of 1at.it~nc-le and the morenieiits of cyclonic dis- 
turbanc.es. The distribution of recipitation duriii the 
winter sis mont.lis is q1:ite uni P orin over rather gi arge 
areas. During the summer months, and to a large 
estent, in the s ring and fall, tlie rainfall is of t-lie local 
shower t.\-pe. 6 rent variations, both tis to amount and 
t.inie, oc(:ur over very limit,ed areas, and here the question 
arises, Have we enot!,a!i prccipitat,ion st,ations in Illinois 
during the crop-growing season 4 

There is another argument in favor of increauing the 
number of sunimcr precipitation skntions rather than to 
estiiblish additional all-gear sttltions. I t  requires con- 
siderable skill to properly liniidle t,he recipitation feature 

found in every commi1nit.y. Then, too, the estru work 
of makii!g snowfall measureinen ts , and the inclement 
weather iii which thc duties must he performed, deter 
many from undertaking the ohligntion. On the other 
hn.nd, tilniost any one would be ghd to measure summer 
sliowers for the bovernment and the duties are so sim le 
that any reliahle person woulcl be acceptable for t E. is 
service. He would make ent.ries only in column 7, Form 
1009, Meteorological. 

As an csperiment, the writ.er prepared two maps of the 
State (Illinois), oiie showing the effect of eixforcing the 
25-mile limitation, and t-lie other showing the effect of a 
4O-nlile limitation for the, till-year stations. A compass 
was set for a radius of 40 miles and circles were drawn 
ahout t,he regul ar station in and bordering on Illinois. 
Then places such us Rockford (an important city), and 
Urhana (the University of Illinois) were selected as per- 
manent st.ations. Circles were then drawn about other 
stations in such manner as to give a good eographical 

these circles were considered unnecessary. ,4n enforce- 
ment of t.he %-mile limit would reduce the number of 
full stations (temperature and precipitation) from 64 to 
41. The 40-mile limitation would reduce the number 
from 64 to 24. 

It might he advisable to e&ablish 175 crop-season 
rainfall stations in the State. With the 24 all-year 
stations, there would he about 300 summer precipitation 
stations, or about an average of two to a county. The 
money saved in therm~rneters, shelters, and supports 
should m3re than offset the expense of the additional 
rain gages. 

during t.he wiiit,cr, and acceptable o K servers can not be 

diatribution. The stations falling within 9 t i e  radii of 


